Bring Your Own Device (BYOD) studies allow patients participating in clinical trials to complete electronic Clinical Outcome Assessments (eCOAs) with their personal smartphones, tablets, or computers, all using a single cross-platform application. Across the Life Sciences industry, there has been a great deal of discussion regarding the potential benefits of the BYOD approach, including: reduced costs for the study sponsor; reduction in study start-up timelines; reduced patient burden due to increased familiarity with the device and operating system; and compliance rates that improve upon already high eCOA compliance using provisioned devices [1] .
METHODS
A comprehensive list of global eCOA projects completed between 2015 and 2017 at RWS Life Sciences was compiled. Key cases of interest were selected from that list using a nonrandom snowball sampling method, initiated through company-wide solicitation of unique global eCOA cases. The snowball sampling method used an iterative process where project documentation was examined for any leads to related projects, and then followed through until all resulting leads were complete.
The data generated through this iterative sampling process was holistically analyzed by researchers with an emphasis on project elements that had an impact on the eCOA project deliverables. Issues that affect the implementation of eCOAs across device platforms were grouped into collaboratively generated themes by the research team. These themes were then used as a lens for consideration of current BYOD projects. By analyzing themes present in eCOA studies, we are able to consider how these may impact the BYOD design. Two additional considerations during analysis were the impact across languages on BYOD timelines due to interface and formatting issues, and any technical limitations that affected consistency between translations. Where necessary, we found supporting evidence to contextualize or enhance our results.
RESULTS
All eCOA projects completed by RWS Life Sciences between 2015 and 2017 were examined for this study; in over 200 of these projects, linguistic considerations arose during screenshot proofreading that impacted the migration of translations into the eCOA software. To collect more detailed qualitative data about how these linguistic issues impacted projects, we initiated snowball sampling by emailing production-facing staff for more information. In particular, we requested that they name projects they felt would be most informative. 6 substantive case leads were introduced to the data set through this first round of sampling. These 6 base projects were connected to other projects with issues, which led to the inclusion of another 7 projects into our data set. Ultimately, this sampling method resulted in a body of project documentation data comprised of archived emails, tracking tools for projects, screenshots and other images from projects, meeting notes, and retrospective feedback from staff assigned to those projects. The themes isolated by researchers have broad applicability for BYOD studies. During group analysis and discussion of our project documentation dataset, these themes naturally lent themselves to division into two primary domains: linguistic considerations ( Table 1 ) and cultural considerations ( Table 2) . A methodological consideration resulting from the review of the linguistic issues discovered in global eCOA projects is the inclusion of functionality testing on the migrated translations. Functionality testing is on-device testing of the translated COAs to ensure the application supports the language requirements correctly and no software bugs have occurred. Alongside proofreading, this would enable the Language Service Provider (LSP) to ensure that the device or electronic system worked seamlessly with the translations, reducing linguistic inaccuracies caused by the potential variance in BYOD technology. However, there are also a core set of cross-cultural issues inherent in collecting patient data globally, particularly data collection in developing or third world countries. These issues require pre-hoc consideration of issues like accessibility in order to ensure successful COA translation and migration of the translated COAs onto different devices. Accessibility and technological literacy are in part determined by access to technology and wealth, but also by education and other key demographic indicators. "Even with the rapid global uptake in smartphone usage, it is unlikely there will ever be 100% saturation of suitable devices in any target sample of a reasonable 'size" [2] .' This is even more pertinent when considering developing countries, or lower-income areas of developed countries, where owning a smartphone is unaffordable. This is something that should be considered when planning a global BYOD study. Excluding respondents who do not have access to their own smartphone would likely bias study results. Therefore, when considering a global BYOD study, a backup provisioned device should be available for those who own unsupported devices.
RESULTS (continued)
However, when provisioning devices to participants without a personal smartphone, the usability of the device should be considered as experience with the technology may be limited. If the respondent is to use the device away from the study site, the device should be user-friendly and the relevant training and support should be provided in the target language. Usability testing with the study site population can help ensure quality data collection, even from patients who weren't able to personally afford a smart touchscreen device and may also be unfamiliar with the study's provisioned device(s).
Internet Access
More than 4 billion people globally do not have access to the internet, and 31% of this population live outside of 3G coverage [3] . If respondents are asked to send their COA data at regular intervals, a regular, reliable internet connection will be needed. Although internet access is increasing each year, it is not available globally and in some countries may hinder recruitment. It is also worth considering that the number of internet users and smartphone owners is lower in geriatric populations.
BYOD and the female population
Women in developing and low-income countries are much less likely to have access to technology and mobile internet than men [4] . For example, according to the GSMA, in South Asia, women are 26% less likely to own a mobile phone than men and 70% less likely to use the mobile internet [4] . As well as financial reasons, lower digital literacy plays a part in this gap.
When planning a global BYOD study for a trial, especially a trial related to a female-specific disease, the lower number of female smartphone users/owners should be taken into consideration. The respondents likely to own a personal device appropriate for the study is statistically likely to be lower among a female population, and in some lower-income countries, lower levels of digital literacy could impact the respondent's use of a provisioned device. In this context as well, any provisioned device should be user-friendly and the relevant training and support should be provided in the target language. Usability testing performed on-site should ensure that women are included in the sample.
To further expand on the cultural considerations, an example study country list has been outlined in Table 3 (including the population of the country, the smartphone ownership and the number of households with access to the internet). These figures suggest that the variation in internet and smartphone ownership by country is substantial. This example country list highlights the potential challenges when implementing a BYOD study globally. In this example study, recruiting patients with a personal device appropriate for study use might be easier in South Korea, UAE, UK and USA. However, it might be more difficult in South Africa, Nigeria, China and India. When linguistic issues arise in a global eCOA study, the LSP must work closely with the eCOA Vendor and Study Sponsor to tailor the technology to support global language requirements. Reviewing the global eCOA projects has confirmed the necessity of consistent translations and formatting across devices, and the need for rigorous proofreading across languages and device platforms. Cultural considerations included patients' access to technology and reliable internet. These considerations are largely determined by the study's specific countries, indicating that study sites and their associated translation requirements should be determined early to avoid negative impacts to timelines, study implementation, or bias across languages.
CONCLUSION
BYOD studies require consistency across devices and methodological rigor due to numerous cultural and linguistic factors that can result in bias across cultures, languages, or device-types and sizes. Global BYOD application development requires expertise in foreign languages and cultures, and the ability to customize methodologies so that consistency is maximized. A potential added methodological consideration when working with an LSP on the implementation of a Global BYOD study is the inclusion of on-device functionality testing of the final migrated translation, as well as on-site usability testing in any culture where patients may have low access to technology. This is not always possible with a standard eCOA study, as it is frequently not feasible to send devices during the translation migration phase. However, with a BYOD study, the LSP is likely to have access to a study compatible device or browser. This will allow simultaneous linguistic proofreading alongside technical functionality and bug testing, to ensure that the different devices work correctly in supporting the linguistic requirements.
As well as ensuring that the BYOD application or browser is able to support an array of writing styles and fonts, another important consideration when planning a global BYOD study is to consider the provision of devices for those who do not have access to a smartphone, tablet, or other personal electronic device appropriate to the study. Although research indicates that compliance in BYOD may be higher due to the respondent's familiarity with their own electronic device, it should be considered that in countries with lower smartphone ownership and internet access, the provisioned device provided may not be familiar to the patient. Therefore, the user-friendliness of the device and sufficient training should be considered paramount for countries with low technological literacy. During standard eCOA studies, when COAs are administered on a provisioned device, a rigorous process of text migration, study-to-study re-use and screenshot proofreading is required to ensure a successful and consistent migration.
Numerous device types and sizes may be used in a BYOD study, which is a challenge for consistency across languages and devices. Any modifications to the COA instructions, response scales and overall screen layouts should be kept as consistent as possible to ensure consistent data capture. When migrating logographic languages, special care should be taken with the line breaks. For logographic languages, not all spaces indicate an appropriate line break and lines must be broken in specific ways to maintain meaning. In a standard eCOA project the line breaks are analysed by native speakers to ensure that the text is readable on all the screens.
In a BYOD study, migrated translations must be reviewed on several screen sizes by native speakers to ensure word wrap does not introduce errors in logographic languages. As the heightto-width ratio of screens change, the need for word wrapping and placement of line breaks also changes. 
Indian language scripts
Various issues can arise when migrating Indian language scripts to electronic platforms, including corrupted characters, difficulty placing formatting tags or coding, and issues with spacing. Arial Unicode, while the best default font for dealing with translated text, is not usable for some languages spoken in India.
Any web or hybrid app used in a BYOD study must support the various fonts required by these scripts, and be designed to support text expansion required by Indian languages when needed. Arial Unicode will need to be supported, along with a specific font for each language. 
Diacritic markings
Languages that use a large number of diacritic markings (e.g. Thai, Latvian, & Vietnamese) can cause issues when migrated into eCOA software, with the diacritic markings disappearing, moving or becoming corrupted. Vigilant proofreading is required to ensure that the existing translation is migrated fully.
Any web or hybrid application used in a global BYOD study must support all diacritic markings across all languages. In addition to the risk for flawed diacritic display, variance in screen size results in variance of the size and shape of text boxes. This can result in cut off markings at the tops or bottoms of characters. 
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